Previous studies have shown higher cervical cancer incidence and mortality among American Indian/Alaska Native (AI/AN) populations, compared with White populations.
4---8 Because most cases of invasive cervical cancer are preventable through screening and follow-up, disparities in measures of cervical cancer among AI/AN women are generally attributed to decreased access and additional barriers (such as increased distance to get treatment or cultural differences). 3 Programs addressing cervical cancer disparities by increasing screening among AI/AN populations have had positive results, although ongoing regional disparities have been documented. 5, 9 Observed disparities in incidence rates of cervical cancer between AI/AN and White populations increased after efforts were made to ensure that members of AI/AN populations were properly identified, which increased the number of AI/AN cases and corresponding rates. 5 We described the mortality and incidence of cervical cancer among AI/AN women from 1999 to 2009, using techniques to minimize the effect of race misclassification in surveillance data, and to compare rates of cervical cancer among these women to rates among other women living in the same geographic region. Trends for mortality from 1990 to 2009 were also presented.
METHODS
Detailed methods for generating the analytical mortality files are described elsewhere in this supplement. 10 Detailed methods describing incidence data and analysis are available in a previous publication. 11 Abbreviated methods follow.
Data Sources
Population estimates. We included bridged single-race population estimates developed by the US Census Bureau and the Centers for Disease Control and Prevention (CDC) National Center for Health Statistics (NCHS) that were adjusted for the population shifts because of Hurricanes Katrina and Rita in 2005 as denominators in the calculations of incidence and death rates.
12,13 Bridged single-race data allowed for comparability between the pre-and post-2000 racial/ ethnic population estimates during this study period.
Death data. Death certificate data are compiled by each state. These data are sent to the NCHS, where they are edited for consistency, stripped of personal identifiers, and made available to the general public as part of the National Vital Statistics System (NVSS). 14 NCHS applies a bridging algorithm nearly identical to the one used by the Census Bureau to assign a single race to decedents with multiple races reported on the death certificate. 15 We linked the Indian Health Service (IHS) patient registration database to the National Death Index (NDI), a tool that allows researchers to link their data with the mortality data in NVSS to identify AI/AN deaths that had been misclassified as non-Native and to determine vital status and cause of death of decedents who had received health care in IHS or tribal facilities. 10 About 62% of the AI/AN population has obtained IHS services and is included in the IHS patient registration database. 16 Following the linkage of IHS records to
Objectives. We analyzed cervical cancer incidence and mortality data in American Indian and Alaska Native (AI/AN) women compared with women of other races.
Methods. We improved identification of AI/AN race, cervical cancer incidence, and mortality data using Indian Health Service (IHS) patient records; our analyses focused on residents of IHS Contract Health Service Delivery Area (CHSDA) counties. Age-adjusted incidence and death rates were calculated for AI/AN and White women from 1999 to 2009.
Results. AI/AN women in CHSDA counties had a death rate from cervical cancer of 4.2, which was nearly twice the rate in White women (2.0; rate ratio [RR] = 2.11). AI/AN women also had higher incidence rates of cervical cancer compared with White women (11.0 vs 7.1; RR = 1.55) and were more often diagnosed with later-stage disease (RR = 1.84 for regional stage and RR = 1.74 for distant stage). Death rates decreased for AI/AN women from 1990 to 1993 (-25.8%/year) and remained stable thereafter.
Conclusions. Although rates decreased over time, AI/AN women had disproportionately higher cervical cancer incidence and mortality. 10, 25 The CHSDA counties also have higher proportions of AI/AN persons in relation to total population than do non-CHSDA counties, with 64% of the US AI/AN population residing in the 637 counties designated as CHSDA (these counties represent 20% of the 3141 counties in the United States). 10 Although less geographically representative, we restricted analyses to CHSDA counties for death and incidence rates in this article for the purpose of offering improved accuracy in interpreting statistics for AI/AN populations. For rates restricted to CHSDA counties, data from 35 states and 6 regions were included. We completed the analyses for all regions combined and by individual IHS regions: Northern Plains, Alaska, Southern Plains, Southwest, Pacific Coast and East; additional details about IHS regions and CHSDA are provided elsewhere 10 (Table 1) . Identical or similar regional analyses were used for other health-related publications focusing on AI/AN populations.
26---28

Statistical Methods
All rates, expressed per 100 000 population, were directly age-adjusted to the 2000 US standard population (Census P25-1130), 29 using SEER*Stat software (version 8.0.4; National Cancer Institute, Bethesda, MD). Readers should avoid comparison of these data with published death rates adjusted using a different standard population. Using the age-adjusted incidence and death rates, we calculated standardized rate ratios (RRs) for AI/AN populations using White rates for comparison. We examined data on deaths occurring from 1999 to 2009 by race/ ethnicity, age, IHS region, and combined age and IHS region for selected regions. Trends in cervical cancer deaths were examined for 1990 to 2009. We calculated RRs using SEER*Stat to the fourth digit, which were rounded for presentation in the tables. We calculated 95% confidence intervals (CIs) for age-adjusted rates, and RRs were calculated based on methods described by Tiwari et al. using SEER*Stat 8.0.4. 30 We assessed temporal changes in annual age-adjusted death rates, including the annual percent change (APC) for each interval, with Joinpoint regression techniques using statistical software developed by the National Cancer Institute; up to 3 joinpoints were allowed in models. 31 Statistical significance was set at a P level of less than .05.
RESULTS
Overall, a total of 380 AI/AN women died from cervical cancer from 1999 to 2009; 289 of these women resided in CHSDA counties (Table 1) . AI/AN women had a cervical cancer death rate of 3.3, which was higher than the rate of 2.2 for White women (RR = 1.54).
For CHSDA counties only, the death rate from cervical cancer for AI/AN women was 4.2, which was nearly twice the corresponding rate among White women in the same counties (rate 2.0; RR = 2.11). The remaining results about death rates focused on CHSDA counties only.
Age and Indian Health Service Region
Death rates for cervical cancer were higher among AI/AN women compared with White women, for each age group (Table 1) . Death rates for those aged 0 to 24 years were suppressed because of small numbers. Rates were highest, and differences were greatest for women aged 85 years or older (RR = 3.67).
Cervical cancer mortality among AI/AN women was highest in the Northern Plains region and was higher than mortality for White women in Northern Plains (RR = 4.15), Southern Plains (RR = 1.58), and the Southwest (RR = 2.05). Death rates comparisons were not statistically significantly different between AI/AN women and White women in Alaska (RR = 1.83), East (RR = 1.69), and Pacific Coast regions (RR = 1.20).
IHS regions with statistically significant AI/AN death rates higher than White death rates (Northern Plains, Southern Plains, and Southwest) were examined further by age to clarify possible reasons for these differences (Table 1 ). In the Northern Plains, AI/AN women had higher death rates from cervical cancer than White women in all age groups; death rates and disparities between groups (AI/AN vs White) increased with age. In the Southern Plains, AI/AN women aged 25 to 44 years had higher death rates than White women. However, disparities decreased with age, so that differences between women aged 45 to 64 and 65 years and older were not statistically significant. In the Southwest region, AI/AN women aged 40 to 64 and 65 years and older had higher death rates from cervical cancer than White women.
Trends. Cervical cancer mortality declined from 1990 to 2009 among both AI/AN women and White women. Declines for AI/AN women occurred primarily from 1990 to 1993 (-25.8% per year; P < .05); death rates 
Incidence Data
Overall, a total of 1020 AI/AN women were diagnosed with cervical cancer from 1999 to 2009; 799 of these women resided in CHSDA counties ( Table 2 ). AI/AN women had an incidence rate of cervical cancer of 8.7, compared with a rate of 7.5 for White women. However, when restricted to CHSDA areas, the rate for AI/AN women was 11.0, which was higher than that for White women in CHSDA areas (7.1; Table 2 ). The remaining results about incidence focused on CHSDA areas only.
Age. Incidence rates for cervical cancer were higher among AI/AN women compared with White women for each age group. Differences were greatest for women aged 85 years and older (RR = 2.80).
Region. Cervical cancer incidence among AI/AN women was highest in the Southern Plains region (rate = 15.1) and was higher than incidence for White women in the Northern Plains (RR = 1.97), Alaska (RR = 1.94), Southern Plains (RR = 1.64), Southwest (RR = 1.19), and Pacific Coast (RR = 1.36) regions (Table 2) . Incidence rates were similar for AI/AN women compared with White women in the East region (RR = 1.18).
Stage. AI/AN women had higher rates of cervical cancer incidence than White women across all stages at diagnosis ( Table 2 ). Disparities between AI/AN and Whites were greater with later stage at diagnosis and were most pronounced among unstaged cases.
DISCUSSION
Our results demonstrated that AI/AN women had significantly higher cervical cancer incidence and mortality compared with White women in the same areas. However, both incidence and mortality decreased over time, documenting improvements in identifying and treating cervical cancer and pre-cancerous lesions. Most cervical cancers could be avoided or diagnosed early through screening and treatment. We noted steep declines in cervical cancer deaths among AI/AN women in the early 1990s. We believed that these declines were likely the result of screening and treatment programs described in our discussion. 27 However, our data also underscored the need for further efforts, as noted in CHSDA counties (where identification of AI/AN women was likely to be highest), AI/AN women still died from cervical cancer at twice the rate of White women.
Disparities in death rates between AI/AN women and White women living in the same areas were evident across all age groups and regions; regional differences were only statistically significant in the Northern Plains, Southern Plains, and Southwest regions (possibly because of small numbers in the other areas). To examine these disparities more closely, we analyzed regions with statistically significant disparities in death rates (Northern Plains, Southern Plains, and Southwest) by age group (25---44, 45---64, ‡ 65 years). Overall patterns were unclear, because the Northern Plains region had similar disparities across all age groups, the Southern Plains had the largest disparities among the youngest women, and the Southwest had the largest disparities among the oldest women. These disparities highlighted the need for further outreach to rarely and never-screened AI/AN women of all ages.
Federal programs have been integral in addressing cervical cancer incidence and deaths among AI/AN women. The IHS began providing cervical cancer screening to Native women in the 1960s and 1970s, leading to decreases in cervical cancer incidence and mortality by the 1980s and 1990s, as described in our data. 32 In addition to the IHS program, Congress also passed the Breast and Cervical Cancer Mortality Prevention Act of 1990, initiating the CDC's National Breast and Cervical Cancer Early Detection Program (NBCCEDP), which provides access to breast and cervical cancer screening and diagnostic services to underserved women. 33 To address continuing disparities, the 1993 reauthorization of the act included amendments directing the CDC to establish a program with AI/AN tribes and tribal organizations to improve screening in tribal communities. 34 A recent study found that 36% of eligible AI/AN women were screened through NBCCEDP, higher than any other group. 35 Currently, the 36 In addition to funding screening services, the NBCCEDP also partnered with tribal programs, state partners, and others to increase outreach and education to AI/AN women on the need of preventive care and cervical screening. Such activities were likely related to continued decreases in AI/AN cervical cancer incidence and mortality, as shown in our data. Appropriate screening and follow-up treatment of abnormalities could reduce cervical cancer incidence and mortality (screening guidelines can be found at http://www.cdc. gov/cancer/cervical/pdf/guidelines.pdf). Selfreported screening data from the Behavioral Risk Factor Surveillance System (BRFSS) showed that 82% of eligible AI/AN women reported having had a Pap test recently (within 3 years), nearly as high as that for White women (85%). 37 However, Government Performance and Results Act data from the IHS on cervical screening, which are based on medical records rather than self-report, showed lower rates of screening and slight declines in recent years. In 2012, only 57% of eligible women in the IHS system were recently screened (within 3 years), down from 62% in 2002. 38 Despite these screening efforts by federal programs to reach AI/AN women, disparities remained, as demonstrated by the higher incidence, later stage of disease, and mortality of cervical cancer in the Northern and Southern Plains. Barriers to screening among AI/AN women might stem from lack of transportation or childcare, negative perception of medical providers, long waits for appointments, and patient---provider communication. 39 Provider time pressures, health systems designed primarily for acute and episodic care, and an underfunded health system are other potential barriers IHS and tribal providers might face. 5 In addition, cultural reluctance to access Western medicine for nonacute health problems and transportation difficulties were factors commonly cited as barriers to cancer screening by AI/AN individuals.
40---43
Human papillomavirus (HPV) is the primary cause of nearly all cervical cancer. 44 AI/AN populations generally have lower rates of HPV-associated cancers than Whites, except for cervical cancer. 45 Vaccines are available that protect against infection with the types of HPV that most commonly cause cervical cancer. Rates of HPV vaccination were lower than for other childhood and adolescent vaccines, but AI/AN vaccination rates were similar to those of other races and ethnicities, and providers frequently serving AI/AN populations generally adopted recommendations for HPV vaccination. 46, 47 A recent study found that AI/AN women in the Northern Plains were less likely to vaccinate children against HPV than White women in the same area, but differences were because of knowledge about the vaccine, suggesting that improving education could improve vaccine uptake. 48 As with screening, local and culturally tailored interventions are important to improving vaccination rates. The 2004 US surgeon general's report indicated that smoking increases the risk of cervical cancer, and data in this supplement showed that the highest prevalence of female AI/AN current smokers was in the Northern Plains and Alaska. 37, 49 Comprehensive cancer control programs in tribal communities, such as the Cherokee Nation Comprehensive Cancer Control program funded by the CDC, implemented programs to help reduce tobacco use that might be helpful in reducing cervical cancer incidence. 50 There were several limitations to consider when interpreting the results presented in this article. First, although linkage with the IHS patient registration database improved the classification of race for AI/AN decedents, the issue was not completely resolved because AI/AN persons who were not members of the federally recognized tribes were not eligible for IHS services and not represented in the IHS database. Additionally, some decedents might have been eligible for, but never used, IHS services, and therefore, were not included in the IHS registration database. Approximately 38% of AI/AN persons might be eligible for IHS services, but never used them. Second, the findings from CHSDA counties highlighted in this supplement did not represent all AI/AN populations in the United States or in individual IHS regions. 10 In particular, the East region included only 18.2% of the total AI/AN population for that region. Furthermore, the analyses based on CHSDA designation excluded many AI/AN decedents in urban areas that were not part of a CHSDA county. AI/AN residents of urban areas differed from all AI/ANs in poverty level, health care access, and other factors that may influence mortality trends. 51, 52 Third, these analyses revealed less variation for White women than for AI/AN women by IHS regions using data from CHSDA counties only. Alternative groupings of states or counties might reveal a different level of variation for non-Hispanic White women. In addition, there was substantial variation between federally recognized tribes in the proportion of Native ancestry required for tribal membership, and therefore, for eligibility for IHS services. Whether and how this discrepancy in tribal membership requirements might influence some of our findings was unclear, although our findings were consistent with previous reports. Moreover, although the exclusion of Hispanic AI/ANs from the analyses reduced the overall number of AI/AN deaths by less than 5%, it might disproportionately exclude some tribal members in states along the US---Mexico border and elsewhere who had Hispanic surnames and might be coded as Hispanic at death. Finally, some rates were based on relatively small numbers. Despite these limitations, this study added to the existing literature on cervical cancer incidence and mortality of AI/AN women by improving identification of AI/AN populations. Death certificates and cancer incidence data frequently misclassified race of AI/AN decedents and patients. 11, 53 Linkage with the IHS patient registration database identified 203 cases and 40 deaths among AI/AN women that would not otherwise have been identified, adding approximately 20% of incident cases and 10% of deaths to our analysis. This was the first time data linkages between the IHS patient registration database and the NDI were used for mortality, making these the most accurate data available to calculate mortality statistics. 10, 53 By providing analysis of CHSDA counties and all US counties, and by using linked data to improve identification of AI/AN cases and deaths, this study provided the most comprehensive picture to date of cervical cancer mortality among AI/AN women. Previous analyses of cervical cancer incidence among AI/AN populations used similarly linked data sets, but our study extended those findings by adding information on cervical cancer mortality. 5 The substantial strides made in cervical cancer control for AI/AN women over the last 20 years have clearly played a role in reducing the incidence and mortality of this disease. However, findings from this study and previous reports indicated that these rates were higher than those for White women, and that there was a wide regional variation. 5, 54 The regional variations in the rates might reflect, in part, geographic variations in screening and other factors. Future progress in decreasing the cervical cancer burden in AI/AN populations is necessary and achievable with implementation of intervention programs that are targeted to these specific populations and address the barriers to appropriate screening and follow-up. j
